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.ABSTRACT 
Many practitioners put off the maintenance of their 
equipment due to the high cost of service and the long 
periods of time that a poor quality loaner instrument 
must be used while waiting for the instrument to come 
back. This paper deals with a step-by-step process 
to overhaul your own instruments and save all that time 
and money. It will allow the everage practitioner to 
service his own equipment and keep it in top-operating 
condition. 
• 
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INTRODUCTION 
In preparation to repair your own instruments, there 
are several things that you should obtain before starting, 
The following items are necessary to the overhaul of any 
of the instruments herein mentioned, Items needed for 
repair of one instrument only will be listed in the preface 
section for that instrument. 
SCREWDRIVERS: A quality set of standard straight slot 
screwdrivers should be obtained, One should have a narrow 
type t" blade; one should have a slightly wider blade, In 
addition, a complete set of jeweler's screwdrivers should 
be obtained, The jeweler's screwdriver sets are most easily 
obtained through a company which supplies dispensing tools 
such as Vigor, Sadler, or Bernell. 
LU~RICANTS: In the work done here, three lubricants are 
required, The first is WD-40 in both the spray and liquid 
forms, The liquid is only available in the gallon size, 
The second is STP Oil Treatment. These are both available 
through auto parts stores, The third is a lubricant of 
the author's formulation called combo-lube, It is com-
posed of three parts STP, one part Marvel Mystery Oil, 
one part 3 in 1 Oil, and one part liquid WD-40. All of 
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these ingredients are available through auto parts stores. 
The recommended manner to dispense combo-lube is with a 
needle and syringe. 100 cc of combo-lube is adequate for 
the applications in this paper. 
SOLVENTS: Lighter fluid is sufficient. 
CLEANERS FOR OPTICAL SURFACES: For uncoated surfaces, any 
lens cleaner may be used with cotton-tipped swabs (Q-Tips) 
to clean lenses. If the lens has an anti-reflection coat-
ing, however, these ordinary cleaners will remove the coat-
ing. It is recommended by optical manufacturers that a 
solution of 90% ether and 10% alcohol be used in con-
junction with Q-Tips to clean any lens which has an anti-
re'flection coating as this will not remove the coating. 
This procedure is recommended for any coated optical sur-
face that you encounter in your instruments. 
As a general lens cleaner, a commercially available 
product such as Windex is quite good. If the lens has 
grease or oil on it, however, you may need to clean it 
first with lighter fluid and a Q-Tip before cleaning it 
with Windex. An effective method for cleaning the lens is 
to dip one end of the swab in the cleaner being used, clean 
the lens with that end, then use the dry end to polish 
the lens. This minimizes streaks. After you are finished 
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cleaning the lens , the lint left on the lens may be blown 
off by using a blower bulb. An ear syringe works well for 
t his . They are available in drug stores. 
The four ins truments that are covered in this paper 
are the Bausch and Lomb Keratometer, the Bausch and Lomb 
Green ' s Refractor, the AO Ultramatic Rx Easter Phoroptor, 
and the AO Rx Master Phoropt or. These instruments were 
chos en for discussion since they are common in almost 
every optometric practice. 
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THE BAUSCH AND LOMB KERATO~ETER 
The Keratometer seems to be the most widely used 
ophthalmometer in use today in the professional office, 
It also probably needs the most regular service of any 
instrument in the office to maintain its proper function, 
The main complaint about this instrument is that after 
a period of time the grease hardens on the bearing sur-
faces and causes the individual parts of the instrument 
to be very difficult to rotate. 
To overhaul this instrument, you must have the 
following items. This is an absolute minimum number of 
tools. Use no substitutes. 
1. At" Narrow Blade Straight Slot Screwdriver 
2, A 1/811 Blade Jeweler's Screwdriver 
3. WD-40 Spray and STP Oil Additive 
4. Combo-lube 
5. Solvent for Oil and Grease 
6. Q-Tip Swabs and Windex Glass Cleaner 
7. Kimwipes or Other Disposable Paper Tissues 
8. Lint-free Cloths 
9. Contactometer or Other Calibration Device 
10, Hammer 
Remove the instrument from the stand before per-
forming any operations. 
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Before you begin, it would be well to study the fig-
ures that follow this portion of the instructions and 
learn all of the terms used for this instrument. It 
will save you some time and trouble later. It is best 
to c l ean the parts of the instrument as you take it 
apart. This makes reassembly easier. You should allow 
four hours for a first-ti~e overhaul. 
, 
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-THE BAUSCH AND LOMB KERATO¥.ETER 
FIGURE EXPLANATION 
4 
Figure 1: External View of the Keratometer 
1 • Eyepiece Assembly 
2. Prism Cover 
3. Axis Ring 
4. Main Bearing Sleeve 
5. Instrument Barrel 
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-6. Occluder Screw and Washer 
7. Eyepiece Housing and Screws 
8. Prism Cover Screws 
9. Power Drums 
10, Main Bearing Sleeve Support 
11. Focusing Knob 
12. Chin Height Adjustment Knob 
13. Sleeve Height Adjustment Knob 
14. Main Shaft Lock Knob 
15. Main Shaft 
16, Lamp Housing 
17, Forehead Loop Mount 
18. Chin Rest 
Figure 2: Bottom View of the Keratometer Barrel 
19, Power Drum Restraining Plate 
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Figure 3: Main Bearing Sleeve and Mount 
20. Main Bearing Sleeve Support Stop Screw 
Figure 4: Barrel Tension Screw 
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Figure 5: Barrel Tension Screw Insertion 
Figure 6: Instrument Barrel Insertion 
11 
Figure 7: Interior Prism Assemblies 
21, Prism and Carrier Assemblies 
notch 
Figure 8: Lamp Housing Assembly 
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Figure 9: Instrument Barrel, Bottom View 
Figure 10: Eyepiece Detail 
22, Eyepiece Set Screw 
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KERATOMETER OVERHAUL INSTRUCTIONS 
1. See Figure 1. Remove the lamp housing (16) and lay 
it aside. 
2. See Figure 2. Turn the Keratometer barrel (5) over 
in the housing and remove the power drum restraining 
plate (19) and lay it aside. 
3, Remove the power drums (9) from the instrument. 
4. Remove the three eyepiece housing screws (7), then 
remove the complete eyepiece assembly (1) and lay it 
aside. 
5. Remove the three axis ring screws (3) with a jeweler's 
screwdriver. Pry the ring away from the main bearing 
sleeve (4) using the jeweler's screwdriver and slip it 
off the instrument. Watch for any thin washers that may 
fall out from behind the ring. They may be used for 
spacers between the axis ring and the instrument barrel 
to keep the instrument barrel from binding. 
6. Note if the barrel tension screw is at the twelve, 
eight, or four o'clock position on the main bearing 
sleeve (4). See figure 5, 
7, Rotating the barrel slowly, remove the main instrument 
barrel (5) from the main bearing sleeve (4). Be careful 
not to allow the barrel to drop against the sleeve as 
this will badly skin the paint on the prism cover (2). 
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8, Thoroughly clean all parts of old grease using 
solvent (lighter fluid), 
9, With the barrel out of the instrument, screw the 
sleeve height adjustment knob (13) up to the top pos-
ition, raising the main shaft (15), Apply combo-lube 
to the shaft after cleaning it, Raise and lower the 
shaft to work in the lubricant, and at the same time 
turn the main bearing sleeve (4) in circles, 
10. See Figure 3. Remove the main bearing sleeve support 
stop screw (20), 
11, Screw the main bearing sleeve support (10) com-
pletely out of its track toward the front of the in-
strument using the focus knob (11), Clean the tracks 
of the support and those on either side of the focusing 
knob (11), 
12, Spray the threads of the focusing knob (11) with 
WD-40, and lubricate the tracks on the main bearing 
sleeve support (10) liberally with combo-lube, 
13, Reinsert the main bearing sleeve support (10) into 
its base and screw it in using the focusing knob (11), 
Xove it back and forth several times to work in the 
lubricant, 
14, Reinsert the main bearing sleeve support stop screw 
(20), 
15, Remove the main shaft lock knob (14) by unscrewing 
15 
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it and spray WD-40 into the drilled and threaded portion 
of the instrument. Reinsert the knob (14), 
16. Remove the sleeve height adjustment knob (13) and 
spray WD-40 into the drilled and _threaded portion of the 
instrument, Reinsert the knob (13). Note that on some 
instruments this knob does not come completely out. If 
it does not come completely out, merely screw the knob 
( 13) out as far as possible and lubricate it with WD-40. 
17. Remove the chin height adjustment knob (12) and spray 
WD-40 into the drilled and threaded portion of the instru-
ment. Reinsert the knob (12) and raise the chin rest (18) 
to maximum height. Lubricate the chin rest shaft with 
combo-lube, Raise and lower the shaft to work in the 
lubricant. 
18. Tighten the external screws on the instrument, par-
ticularly the ones holding the forehead loop mounting (17) 
to the instrument since they often work loose, Also, 
check the occluder lock washer (6) for wear. Replace it 
if necessary using part number 712135-116, a spring washer, 
19. Before reassembly, check to see that all of the parts 
are cleaned of all the old lubricants, 
20. Lubricate the instrument barrel (5) bearing surfaces 
and the main bearing sleeve (4) with STP, If the main 
tension screw and spring assembly (Figure 4) inside the 
sleeve has come apart, remove the screw and note the small 
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nub on its end. Push this nub through the hole in the 
center of the spring and tap the nub several times with 
a hammer to mushroom the nub out. This will prevent the 
spring from falling off, The assembled piece should 
appear as in Figure 4, Now see Figure 5, Insert the 
screw from the inside of the sleeve and screw it up into 
the sleeve until it just stops. DO NOT TIGHTEN THE 
SCREW IN THIS POSITION as this will pull the nub out again. 
Orient yourself as to which is the front end of the 
sleeve. The front end is the end without the white hash 
marks at 90 and 180 degrees. While slowly rotating the 
instrument barrel (5), slide it into the anterior end of 
the main bearing sleeve (4), As the barrel nears the 
center of the sleeve it may bind on the tension spring, 
If this occurs, place your fingers under the leaves of the 
spring. See Figure 6. Continue inserting the barrel 
until it seats in the sleeve. 
21. Lubricate the axis ring (3) with STP and reinsert it 
into its recessed area within the main bearing sleeve (4), 
The screw hole beneath the 90 degree marking goes toward 
the bottom of the instrument, Insert and tighten all 
the screws, making sure that you replace all the washers 
underneath the axis ring if they were used in your in-
strument (see step 5). 
22. Rotate the barrel (5) several times to work in the 
17 
---------------------------
lubricant. 
23. Rotate the prism cover (2) being careful not to 
loose the four screws (8) holding it down. Lay the 
cover (2) aside, 
24. See Figure 7. Slide the prism and carrj.er assemblies 
(21) out of their tracks in the instrument. CAREFULLY 
NOTE WHICH PRISM ASSEMBLY GOES ON THE RIGHT AND WHICH 
GOES ON THE LEFT. If you mix the carriers, the mire 
pattern will appear normal but the horizontal drum will 
move the vertical mire and visa versa. Caution should be 
used not to fingerprint any optical surfaces. Lay these 
assemblies aside after cleaning the tracks on the carriers. 
25. Place a Kimwipe in tented fashion over the optics 
inside the instrument barrel (5) to protect them from 
lubricants, Clean the tracks thoroughly and lubricate 
them sparingly with combo-lube. Slide the prism and 
carrier assemblies back into their tracks making sure that 
the right assembly goes back in the right track and visa 
versa. Slide the tracks back and forth several times to 
distribute the lubricant. Carefully clean off any lub-
ricant which accumulates on the ends Of the carriers as 
it may splash onto the optics, Clean the optics if 
necessary. Don't use Kimwipes for this job, use Q-Tips 
and Windex. 
26. Replace the prism cover (2). 
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-27, Replace the eyepiece assembly (1) after cleaning its 
optics. Tighten down its three screws (7), Focus the 
eyepiece cross hairs for your eye, 
28, See Figure 8. Rotate the"barrel (5) of the instru-
ment so that it is upside down in orientation. Attach the 
lamp housing (16) with the notch in the housing aligned 
with the pin in the instrument. 
Affix a contactometer to the head rest and align it 
with the instrument. 
29. Lubricate with combo-lube both of the power drums (9) 
and set them in place on the instrument without attaching 
the restraining plate (19) (see step 2). 
30. Focus on the 44 D sphere (7.67 mm radius for the B&L 
Keratometer) and properly align the mires. Any distortion 
of the mires at this point indicates that there are pro-
bably a few spots of lubricant on the optics inside the 
instrument, or possibly the contactometer is dirty, 
Clean whichever is at fault, After the mires are aligned, 
lift the power drums (9) out carefully and reinsert them 
so that they read 44 D for this sphere of the contactometer, 
Loosen the two set screws on the power drum shafts using a 
jeweler's screwdriver to make any minor adjustments in the 
drum reading. 
31. Focus the instrument on the 6.50 mm sphere. Align 
the mires, The drums should read 51,75 D ~ .12 D. 
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-32, Focus the Keratometer on the 8.50 mm sphere. Align 
the mires, The drums should read 39,62 Dz ,12 D, 
33. If the instrument is within tolerance, proceed to step 
34 and skip step 35, If the end points are out more than 
the above tolerances, the eyepiece position must be ad-
justed, First, find out which end is out the most, For 
example, if the 39,62 D end is right on but the high end 
reads 52,50 D, the high end is out the most, You will 
now use the eyepiece dioptric power to adjsut the readings 
on the power drums (9). If the readings are low, going 
in the minus dioptric direction will increase the readings. 
If the readings are high, going in the plus dioptric dir-
ection will decrease the readings. When this procedure 
is performed, the cross hairs will not be in focus even 
though the mires are, Adjust the power of the eyepiece, 
Refocus the instrument so that when the mires of the 
instrument are aligned again, one half of the error is 
corrected. Then rotate the instrument and focus on the 
7.67 mm sphere, Adjust the power drums (9) so that the 
mires are aligned, Loosen the two set screws on each 
power drum (9) and rotate the drums to 44 D WHILE HOLDING 
THE GEARS MOTIONLESS. Retighten tl:!e set screws and check 
the end points again. If they are still out of the specified 
tolerances, begin at step 33 again and continue to repeat 
the process until the adjustment is correct, 
20 
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34. When the instrument has been properly aligned, 
replace the restraining plate (19) and insert the screws. 
See Figure 9. Tighten the screws labeled A in Figure 9 
snugly. The screws labeled B must be tightened while 
rotating the power drums (9). Overtightening these 
screws can cause the drums to bind. 
35. Focus the instrument on the 7.67 mm sphere. The 
drums shoUld read 44 D when the mires are aligned, Leave 
them set there. Focus the eyepiece for your refractive 
error. Loosen the eyepiece set screw(s)(22). See Figure 
10. Move the eyepiece in and out without touching the 
focusing knob (11) or the power drums (9) until the mires 
are in focus and aligned properly. If you have not accom-
modated, the instrument should be set properly so that 
when an emmetrope uses the instrument the eyepiece will 
be set at zero diopters. Any accommodation is like 
turning the eye piece into plus and will defocus the in-
strument. Retighten the eyepiece set screw(s)(22), 
Check the endpoints again. They should be unaffected if 
you aid this correctly. 
36. Clean all the exterior of the instrument to remove 
any lubricant which may have leaked out. Also clean all 
the exterior optics. 
37. With the lamp housing attached, rotate the main 
barrel (5) from side to side to make sure that it holds 
21 
-· 
its axis position when placed at a steep axis. If the barrel 
slips, tighten the main tension screw (see step 6). 
Part numbers for frequently needed parts: 
712135-116 Spring Washer for the occluder (6). 
You may want to keep a few washers on hand. As one wears 
out, you may replace it. Obtain these parts from 
Bausch and Lomb, 1400 North Goodman Street, Rochester, 
New York. 
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-THE BAU.SCH AND LOMB GREEH 1 .S REFRACTOR 
The problems encountered with the Green's refractor 
are dirty lenses, spherical lens dials which become diff-
icult to turn, and cylinder axis knobs which become squeaky 
and tight, Occasionally, the Risley prisms, Maddox rods, 
and cross cylinders become sticky. 
To overhaul this instrument, you must have the follow-
ing items, This is an absolute minimum of tools. Do not 
use any substitutes. 
1. A Regular .Slot .Screwdriver with a t" 
Blade 
2, A .Set of Jeweler's .Screwdrivers 
3. Combo-lube 
4, Q-Tips Swabs and Windex Glass Cleaner 
5, Solvent 
6. Kimwipes or Other Disposable Wipers 
7. WD-40 Liquid 
8. Lint-free Cloths 
9. Two .Syringes with Needles for the 
Lubricants 
10, Blower Bulb (A large ear syringe works 
well, These are available in drug stores,) 
11, A Small Punch and Hammer 
12, Needle-nose Pliers 
23 
-In this instrument, it is critical that only small 
amounts of lubricant be used internally. Large amounts 
of lubricant tend to run onto the lenses, especially 
cylinder lenses. A syringe with needle effectively dis-
penses small quantities of lubricant'. 
As there are many small parts in this refractor, the 
recommended procedure for disassembly is to lay all the 
parts out in the order you take them off the refractor. 
This makes reassembly much easier. 
In specifying sides of the refractor, the right side 
of the refractor is the side before the patient's right 
eye, The converse is true for the left side of the ref-
ractor. The front or face of the refractor is the side 
where the lens powers are read, 
Remove the instrument from the stand before beginning 
any operations. You should allow nine hours for a first 
time overhaul. 
Please study the figures that follow to familiarize 
yourself with the instrument terminology before beginning. 
------
THE BAUSCH AND LOMB GREEN'S REFRACTOR 
FIGURE EXPLANATION 
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Figure 1: Front Labeled View of the Green's Refractor 
1. Housing Screws 
2. Cylinder Axis Control Knob 
3, Cylinder Power Control Knob 
4. Screw 
5, Maddox Rod, Cross Cylinder, Risley Prism 
6. Shaft Nut 
7. Axis Indicator Arrow 
25 
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-8. 
9. 
10. 
Body Plate Screw 
Front Housing 
Main Housing Screw 
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Figure 2: Back labeled View of the Green's Refractor 
1 1 • Housing Screw 
12. Screw 
13. Cylinder Disc Stop Spring 
14. Shutter Disc Handle 
15. Basic Lens Disc Knob 
26 
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Figure 3: Detail of the Shutter Disc 
16. Shutter Disc Spring 
17. Cylindrical Bearing 
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Figure 4: Green's Refractor, Right Side, Top View 
18, Spherical Lens Disc Index Screw 
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-Figure 5: Spherical Lens Disc, Left Side 
19. Spherical Lens Disc 
20: 
Figure 6: Basic Spherical Lens Disc, Left Side 
20. Basic Spherical Lens Disc 
28 
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Figure 7: Back Housing, Left Side, Inside View 
21. Basic Spherical Lens Carn Plate 
22. Center Bearing 
hashrnarks. 
___ ---.,o 
Figure 8: Front Housing, Left Side, Inside View 
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Figure 9: Cylinder Lens Disc Assembly 
23. Cylinder Lens Disc 
24. Center Bearing 
Figure 10: Front Housing, Right Side, Outside View 
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THE BAUSCH AND LOMB GREEN'S REFRACTOR 
OVERHAUL INSTRUCTIONS 
1. See Figures 1 and 2, Remove the housing screws (1), 
(11) which hold the right and left refractor housings on 
to the PD adjustment bar, Lay the PD adjustment bar aside, 
From this point on, only work on one side at a time, 
2. Turn the refractor housing face down and remove the 
two shutte~ disc handle screws (14), 
3, See Figures 2 and 3, Remove the shutter disc handle 
(14), the shutter disc spring (16), and the cylindrical 
bearing (17). Turn the refractor so that it is face up. 
4. Remove the two main housing screws (10) and the body 
plate screw (8). 
5. Carefully remove the front housing (9) and lay it 
aside, making sure to note how many shims went under the 
main housing screws (10) and the body plate screw (8). 
This is critical for reassembly. 
6. See Figure 4, Remove the spherical lens disc index 
screw (18), washer, spring, and ball bearing, which are 
all located on top of the back housing. 
7, See Figure 5, Remove the three small screws near the 
center of the spherical lens disc (19). 
8. Remove the spherical lens disc (19) and check to see 
if there is a washer underneath it. If there is a washer, 
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remove it also. Lay them both aside. 
9. See Figure 6~ Hold the basic spherical lens disc (20) 
by its edges and turn over the back housing. The basic 
spherical lens disc (20) will drop out in your hand. Lay 
this assembly aside. 
10. See Figure 7. Turn the back housing over so that the 
basic spherical lens disc knob (15) and the screw (12) in the 
center of the housing are facing up. Remove the screw (12) 
in the center of the housing. Turn the housing over and 
remove the basic spherical lens cam plate (21), washer, and 
center bearing (22). Lay them aside. 
11. Thoroughly clean the back housing inside and out 
removing lint, oils, dirt, and grease. Lay it aside. 
12. Disassemble the basic spherical lens cam plate (21), 
washer, and central bearing (22). Clean them all thoroughly. 
After cleaning, place some combo-lube on the bearing sur-
faces of the central bearing (22) and reinsert it into the 
basic spherical lens cam plate (21). Examine the washer. 
Note that it has a flat side and a side with two ridges 
on it. Lubricate the ridges with combo-lube and place the 
washer on the back side of the spherical lens cam plate (21) 
with the ridges toward the cam plate and the flat side 
toward the housing. 
13. See Figure 7. Turn the completed assembly in your 
hand so that the flat side of the washer is up. Take the 
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-back housing and place it on top of the basic spherical 
lens cam plate (21) assembly and reinsert the center 
screw (12) in the back of the back housing. Rotate the 
nub on the basic spherical lens cam plate (21) so that 
it is toward the inferior portion of the back housing. 
Some combo-lube must be placed on the edge of the basic 
spherical lens cam plate (21) as it makes contact with 
the gear connected to the basic spherical lens disc knob 
( 15) • 
14, Take the basic spherical lens disc (20) and shutter 
assembly and lay it so that the gear on the back is facing 
up. Remove the three screws in the gear. Remove the gear 
from the assembly. Clean the gear and lay it aside. 
15. Remove the shutter disc and clean it, giving par-
ticular attention to the lenses as they accumulate patient's 
lash oil. After cleaning, lay it aside, 
16. Clean all the grease from the basic spherical lens 
disc (20). Clean all the lenses. Use a large blower 
bulb to remove any lint left on the lenses after cleaning. 
17, Lay the basic spherical lens disc (20) so that the 
numbers on its face are down. Taking the shutter disc in 
hand, lubricate the front and back sides around its center 
hole with combo-lube. Lay the shutter disc on the basic 
spherical lens disc (20). The screw holes for the shutter 
disc handle (14) should be facing up. Lubricate the gear 
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with combo-lube where it contacts the basic spherical 
lens disc (20) and the shutter disc assembly. Reinsert 
the screws which hold the assembly together. 
18. Lubricate with combo-lube the raised ridge on the back 
of the gear and inside the center of the gear of the basic 
spherical lens disc (20) and shutter disc assembly. 
19. See Figure ?. Make sure that the nub on the basic 
spherical lens cam plate (21) is toward the inferior 
portion of the back housing. Align the hole in the shutter 
disc which has no lens with the hole in the basic spherical 
lens disc (20) which has no lens, Hold the basic spherical 
lena disc (20) by its edges so that the numbers on its 
face are up. Carefully ease the basic spherical lens 
disc (20) assembly on to the center shaft of the basic 
spherical lens cam plate (21) assembly. As you lower the 
basic spherical lens disc (20) assembly, carefully align 
the holes with no lenses with the eye hole in the back of 
the back housing. When this assembly seats properly, 
you will feel the gears slip into place, and the eye hole 
and holes with no lenses will be lined up quite nicely. 
20, After cleaning the spherical lens disc (19) of 
grease and cleaning the lenses, turn the disc so that the 
numbers are down, Lubricate the raised ridge around the 
center hole in the disc with combo-lube. 
21. Place the spherical lens disc ( 19) back on the basic 
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-spherical lens disc (20). If there was a washer between 
the two, it must be replaced at this time. Note that 
the screw holes of the spherical lens disc (19) are 
drilled asymmetrically. You must.align them properly 
before you can insert the screws. Insert the three screws 
in the spherical lens disc (19) and rotate the spherical 
lens disc (19) and shutter disc to check their movement. 
22. Replace the spherical lens disc index screw (18), 
washer, spring, and ball bearing. Tighten the screw 
slightly. Final adjustment will be made later. Lay the 
entire back housing assembly aside. 
23. Place the front housing (9) so that the axis markings 
(7) and control knobs (2), (3) are up. If you are work-
ing on the right bank, turn the axis control knob (2) 
clockwise until it stops, then back off until the axis 
markings (7) indicate 90 degrees. If you are working on 
the left bank, turn the axis control knob (2) counter-
clockwise until it stops, then back off until the axis 
markings (?) read 90 degrees. Turn the cylinder lens 
power control knob (3) to zero diopters. Turn the front 
housing over and make several fine hashmarks on the lens 
mounts and corresponding marks on the cylinder lens disc 
(23) showing the lens positions at this time. This 
step is critical for reassembly. The hashmarks can be 
made with a jeweler's screwdriver or a scratch awl. 
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-24. Turn the front housing so that the control knobs 
(2), (3) are up. Remove the screw (4) in the center of 
the housing. Place a small screwdriver in the screw 
hole and lift the front housing off. '.I'he cylinder lens 
disc (23) should drop out. Before any knobs are moved, 
place hashmarks on the inner gears to show their positions. 
Also mark the axis indicator gear to show its position. 
See Figure 8. BE CAREFUL NOT TO TURN OVER THE CYLINDER 
LENS DISC (23) ASSEMBLY AS ALL THE LENSES WILL FALL OUT. 
THIS WILL NECESSITATE REVERIFICATION AND INSERTION AGAIN 
INTO THE CYLINDER LENS DISC (23). 
25. Remove the cylinder lens disc stop spring (13) being 
careful not to let the spring flip the small screws off, 
thus loosing them. 
26. Clean the inside of the front housing (9) and lay it 
aside. 
27. Remove the washer from the cylinder lens disc (23) 
assembly and clean it. Lay it aside, Take the three 
screws out of the number plate of the cylinder lens disc 
(23) assembly. Clean the number plate after removing it 
and lay it aside. Carefully note if there are any washers 
under the number plate. 
28. Remove the center gears from the cylinder lens disc 
(23). Clean them and lay them aside. 
29. Remove the cylinder lenses from their holes one at a 
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time, Clean the lenses and the mounts, Also, clean the 
cylinder lens disc (23) as you go, Place only two drops 
of combo-lube on opposite sides of the lens mounts and 
reinsert them into the cylinder lens disc (23). If the 
lenses were squeaking when the cylinder axis control knob 
(2) was rotated, this should alleviate the problem. It 
is very critical not to over lubricate these lenses as 
lubricant may get on the optical surfaces, 
30. Remove the two lenses on either side of the hole with 
no lens in the cylinder lens disc (23). Place them near 
the holes they came out of to keep them straight, See 
Figure 9, Turn the other lenses so that the two nubs 
on each of the lens mounts are facing toward the center 
of the disc. 
31. Looking at the center gear assembly, you see that 
on one side it is flat and has teeth all the way around 
the gear. On the other side it has some raised ridges 
and has teeth only ~ of the way around its circumference, 
Lubricate all the raised ridges and the center hole of the 
gear assembly with combo-lube. Place the gear assembly 
on the cleaned cylinder lens disc (23) with the flat 
side of the gear up and the * outer edge with teeth on 
the. bottom and toward the three holes with no lenses, 
After insertion of the gear, rotate it 180 degrees, 
32. With the gear assembly rotated 180 degrees, it is 
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now possible to slip into their holes the other two lenses 
taken out in step 30, Make sure that the two nubs on 
each lens are toward the center of the cylinder lens disc 
(23) upon insertion, 
33, You should now be able to rotate the gear assembly 
360 degrees and have it rotate in proper sequence each 
of the lenses. 
34. Carefully lifting up the cylinder lens disc (23), push 
out the center bearing (24). REHEMBER, DON 1T TURN OVER 
THE CYLINDER LENS DISC (23). Clean the center bearing (24) 
and lubricate it with combo-lube. Clean the center hole 
in the cylinder lens disc(23). Reinsert the center bearing 
(24) into the cylinder lens disc (23). 
35, Replace the number plate and reinsert the three 
screws that hold it down. Note that the holes are drilled 
asymmetrically. If there was a washer between the number 
plate and the gear assembly, it should be replaced at this 
time. 
36. Replace the center washer on top of the number plate 
after lubricating the washer with combo-lube, 
37. Rotate the gear assembly so that the portion with 
the teeth * of the way around turns the two lenses above 
the hole with no lens and the bottom tooth of the * portion 
with teeth is ready to begin turning the lens below the 
hole with no lens, Carefully lift up the cylinder lens 
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-disc (23) and examine it from underneath. }love the gear 
assembly slightly (not more than a few teeth) to rotate 
the lenses so that the lens carrier hashmarks line up with 
those on the cylinder lens disc (23). If this step is 
not done correctly, the cylinder lens axes in your ins-
trument will be incorrect upon reassembly. After alignment 
has been accomplished, carefully put the assembly down. 
38. Align the knobs (2), (3) on the front housing (9) 
with their hashmarks and move the axis indicator arrow (7) 
to match its hashmark also. The arrow should read 90 
degrees. Keeping the hole in the cylinder lens disc (23) 
that has no lens aligned with the hole in the front housing 
(9), carefully ease the front housing (9) onto the cylinder 
lens disc (23). You may have to wiggle the control knobs 
(2), (3) on the front housing (9) just a bit to get them 
to seat. Try to get the axis indicator arrow (7) to seat 
first. When the cylinder lens disc (23) assembly is 
seated in the housing, reinsert the center screw (12). 
39. If the assembly has seated properly, you should be 
able to rotate the cylinder axis control knob (2) or the 
cylinder lens power control knob (3) with no binding, 
To check axis alignment, set the cylinder axis control 
knob (2) at 90 deg~ees and the cylinder lens power con-
trol knob (3) at zero diopters. Whi.le holding the cylinder 
lens power control knob (3) stationary (the cylinder lens 
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-disc stop spring (13) has not been reinserted yet), turn 
the housing over and see if the hashmarks on the lens mounts 
are aligned with those on the cylinder lens disc (23). If 
they are, the instrument is properly set. If they are not, 
you must optically align the system in the following 
manner. Set the cylinder lens power control knob (3) to 
2.50 D and the cylinder lens axis control knob (2) to 90 
degrees. While holding the front housing (9) in front of 
you oriented vertically, look at some straight, vertical 
edge such as a door or cabinet edge through the lens. The 
edge and the indicator arrow (7) will line up exactly with 
the upper and lower 90 degree marks on the dial if the 
proper alignment has been done. Also, if you turn the 
cylinder lens axis control knob (2) while observing the 
straight edge, you will notice a break in the direction 
of the turning motion (a "with" break) with minus cylinder 
refractors, or a break against the direction of the turn-
ing motion (an "against" motion) with plus cylinder re-
fractors. If the axis is off, the straight edge will line 
up with the 90 degree marks when the indicator arrow (7) 
is reading something other than 90 degrees. If this is the 
case, loosen the center screw (12) just enough to let the 
cylinder lens disc (23) assembly drop slightly and disengage 
from the gears in the front housing which are connected to 
the control knobs (2), (3). You may then turn the axis 
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indicator arrow (7) to match the axis of the lens. Re-
engage the cylinder lens disc (23) assembly and tighten 
the center screw (12), Check the system again sighting 
on a straight edge. You should be within~ 3 degrees. 
This is within tolerance for this instrument. 
40. Replace the cylinder lens disc stop spring (13) 
being careful not to overtighten the screws as their 
heads twist off easily, 
41. See Figure 1. Remove the shaft nut (6) on the front 
of the front housing (9), Older refractors may not have 
this nut. 
42. Move the Risley prism, Maddox rod and cross cylinder 
(5) into alignment with the eye hole in the front housing 
(9). Using a small punch and hammer, carefully tap out 
the stop pins for each assembly. See Figure 10, Complete 
removal of these pins with a pair of needle nose pliers. 
43. With the stop pins pulled, the Maddox rod, cross 
cylinder, and Risley prism may be removed from the shaft 
along with their washers and springs, 
44. Clean the shaft and lubricate it with combo-lube. 
45. Before replacing the assemblies on the shaft, clean 
them thoroughly. If this is a first time overhaul, place 
a small amount of liquid WD-40 along the circular track 
of the Maddox rod and cross cylinder. Liquid WD-40 should 
also be placed around the rotating portion of the Risley 
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-prism and worked in. If this is other than a first time 
overhaul, combo-lube should be used instead of liquid WD-40. 
46. Replace the assemblies in the following order: 
a) Spring 
b) Washer 
c) Risley Prism 
d) Stop Pin 
e) Second Stop Pin 
f) Cross Cylinder 
g) Washer 
h) Spring 
i) Washer 
j) Maddox Rod 
k) Stop Pin 
In replacing the stop pins on the Risley prism and the 
Maddox rod, it may help to push down on the assemblies 
to compress the springs, thus easing insertion of the pins. 
47. Be sure that all the pins are seated in the shaft. 
Replace the shaft nut (6). 
48. Clean all the exterior portions of the front housing 
(9). 
49, Place the proper number of shims under the positions 
for the main housing screws (10) and the body plate screw 
(8). Position the front housing over the back housing and 
replace the main housing screws (10) and the body plate 
42 
-screw (8). The main housing screws (10) are longer than 
the body plate screw (8). 
50. See Figure 3, Turn the assembled housings face 
down and replace the cylindrical bearing (17) and the 
shutter disc spring (16) j_n their mounts, 
51, Replace the shutter disc handle (14) and insert its 
two screws. 
52. Place this half of the refractor back on the PD 
adjustment bar and reinsert the three housing screws 
(1) or (11) holding it. 
53, Adjust the spherical lens disc index screw (18) to 
obtain the desired tension for the spherical lens disc (19). 
You have just completed half of the overhaul on 
your refractor. To complete the job, go to the other 
half and start back at step 2. 
Part numbers for frequently needed parts: 
714870-153 Shutter Disc Stop Spring (16) 
714870-685 Cylinder Lens Disc Stop Spring, Right (13) 
714870-684 Cylinder Lens Disc Stop Spring, Left (13) 
714870-107 Basic Spherical Lens Disc Stop Spring (15) 
714870-180 Shim A which goes between the front and 
back housings underneath the main housing 
screws (10) and the body plate screw (8) 
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Obtain 'these parts from Bausch and Lomb, 1400 North 
Goodman Street, Rochester, New York 
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THE AMERICAN OPTICAL ULTRAMATIC Rx MASTER PHOROPTOR 
The Ultramatic Rx Master Phoroptor is one of the 
smoothest instruments on the market when it is functioning 
properly. The main problem with this instrument is dirty 
lenses. Occasionally, the weak sphere dial index lever 
(see Figure 10) slips out of its track and causes the 
dial to bind. The cross cylinders and prisms may also 
become a little sticky. 
To overhaul this instrument you must have the follow-
ing items. This is an absolute minimum list. Use no 
substitutes. 
1. A Set of Jeweler's Screwdrj.vers 
2. Bristol Spline Wrenches, Sizes .060-6 and 
.072-6. These are available at good hardware 
stores. 
3. Allen Wrenches, Sizes 1/1611 1 3/3211 , 5/6411 
and 9/64" 
4. Spanner Wrench, Adjustable 
5. Combo-lube 
6. Q-Tip Swabs and Windex Glass Cleaner 
7. Solvent 
8. Disposable Paper Wipers such as Kimwipes 
9. Blower Bulb (A large ear syringe works well. 
These are available at drug stores.) 
10. Protractor 
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-11, A Syringe with a Needle of Moderate Size 
12, A Regular Blot i\:11 Narrow Blade Screwdriver 
Remove the instrument from the stand before beginning 
any operations, You should allow.nine hours for a first 
time overhaul, 
In this instrument, it is critical that only small 
amounts of lubricant be used internally, Large amounts, 
if used, tend to get on the lenses. A syringe with 
needle effectively dispenses small quantities of lubri-
cant. 
As there are many small parts in this refractor, the 
recommended procedure for disassembly is to lay all the 
parts out in the order that you take them off, This makes 
reassembly much easier. 
In specifying the sides of the refractor, the right 
side of the refractor is the side before the patient's 
right eye. The converse is true for the left side of the 
refractor. The front or face of the refractor is the side 
where the lens powers are read. 
A special spanner wrench is required for this instru-
ment. It is smaller than the ones usually available 
through tool houses. The model that is most satisfactory 
is available through National Camera, 2000 West Union 
Avenue, Englewood, Colorado 80110. The part numbers are: 
W-6600 Spanner Wrench 
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T-3790 Straight Blade End 
T-3785 Straight Pencil Point 
Both T-3790 and T-3785 are required for your spanner 
wrench. 
Please study carefully the figure explanations that 
follow to familiarize yourself with all of the part names 
before beginning. 
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THE .AMERICAN OPTICAL ULTRAM.ATIC Rx MASTER PHOROPTOR 
FIGURE EXPLANATION 
8 
Figure 1: Ultramatic Phoroptor, External Labeled Front 
View 
1 • Vergence Lever 
2. Cross Cylinder 
3. Prism 
4. Turret Assembly 
5. Front Housing 
6. Auxiliary Lens Control Knob 
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-7. Strong Sphere Control Knob 
8. Front Housing Screws 
11 
Figure 2: Ultramatic Phoroptor, External Labeled Back 
View 
9. Back Housing 
10. Corneal Sighting Assembly 
11. Back Housing Screw 
12. Eye Hole 
-13 
14 
17 
Figure 3: Weak Sphere Dial Diagram 
13. Geneva Bracket Assembly 
14. Weak Sphere Dial 
15. Strong Sphere Dial 
16. Thrust Collar 
17. Weak Sphere Dia'l Index Lever 
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14 i 
Figure Lf! Weak Sphere Dial Without Power Scale 
14. Weak Sphere Dial 
18. Strong Sphere Dial Mount 
Figure 5: Strong Sphere Dial Diagram 
19. Strong Sphere Dial 
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-hole 
two 
22 
Figure 6: Auxiliary Lens Dial Diagram 
20. Auxiliary Lens Dial 
21. Sphere Dials Mount 
22, Auxiliary Lens Dial Index Lever 
0 
• • • 
• 
screw 
hole 
Figure 7: Back Housing Exterior Screw Diagram 
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Figure 8: Back Housing Interior Diagram 
23. Auxiliary Drive Gear 
24. Auxiliary Lens Dial Nount 
Figure 9: Geneva Bracket Assembly Detail 
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-Figure 10: Weak Sphere Dial Index Lever Detail 
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Figure 11: Corneal Sighting Assembly Reassembly Detail 
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-lubricate 
Figure 12: Ultramatic Phoroptor, Right Bank, Top View 
~·::::::=:;~ 
I ; . i ·1 i ' i' '1. 
·auxiliary lens dial (20) 
weak sphere dial (14) 
cylinder lens dials 
Figure 13: Ultramatic Phoroptor, Right Bank, Bottom 
View 
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-THE AMERICAN OPTICAL ULTRA}lATIC Rx MASTER PHOROPTOR 
OVERHAUL INSTRUCTIONS 
To overhaul your refractor, work on only one half at a 
time. 
1. See Figure 2. Turn the phoroptor so that the face 
is down. Remove the two screws holding down the corneal 
sighting assembly (10) to the back housing (9) using a 
.072-6 spline wrench or a 1/1611 Allen wrench. As you 
remove the assembly, carefully note the positions of the 
springs and spacers underneath the cover. Lay them aside. 
2. See Figure 1. Turn the phoroptor so that the face is 
up. Remove the auxiliary lens control knob (6) and the 
strong sphere control knob (7) using a .060-6 spline 
wrench to loosen the set screws. Remove the two front 
housing screws (8) using a 3/32" Allen wrench. Turn the 
phoroptor so that the face is down. Remove the back 
housing screw (11) using a 9/6411 Allen wrench. Carefully 
turn the phoroptor face up. 
3. See Figure 3. Move the vergence lever (1) to a mid-
point position between the far and near settings, Re-
move the front housing (5) and lay it aside. Loosen the 
small screw in the center of the thrust collar (16) 
using a .060-6 spline wrench. Screw out the thrust collar 
(16) using the spanner wrench and lay it aside, 
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-4. Remove the screw holding the weak sphere dial index 
lever (17) and spring. Remove the weak sphere dial index 
lever (17) and spring and lay them aside. Remove the three 
screws in the center of the strong sphere power scale (15), 
Remove the strong sphere power scale (15) and lay it aside, 
5. See Figure 4. Remove the small washer in the center 
of the strong sphere dial mount (18). Remove the small 
needle thrust bearing underneath the washer. A needle 
thrust bearing is a set of roller bearings that are sealed 
in a collar so that they do not fall out, Remove the 
strong sphere dial mount (18) and lay it aside, Under 
the strong sphere dial mount (18) will be a large needle 
thrust bearing. Take it out and lay it aside. 
6. Remove the weak sphere dial (14). Clean all the 
lenses, front and back bearing races, and the center hole, 
Lay the dial aside. Remove the large needle thrust bearing 
which is underneath the weak sphere dial (14) and lay it 
aside. 
7. See Figure 5. Remove the strong sphere dial (19) and 
clean all the lenses, front and back bearing races, and the 
center hole. LaY the dial aside. Remove the large needle 
thrust bearing that is underneath the strong sphere dial 
(19). Lay it aside. 
8. See Figure 3. Remove the Geneva bracket assembly (13). 
Lay it aside, 
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9. See Figure 6. Turn the phoroptor so that the back 
is up. Remove the two screws near the center of the 
back housing (9) using a narrow ..¢" blade screwdriver. 
Turn the phoroptor so that the face is up. Remove the two 
screws in the sphere dials mount (21) using a ..¢" narrow 
blade screwdriver. Note if there are any washers under-
neath the sphere dials mount (21) after removing the mount 
from the instrument. Lay the mount and any washers you 
find aside. Remove the needle thrust bearing underneath 
the sphere dials mount (21). 
10, Remove the auxiliary lens dial (20), Clean all 
the oils from the lenses carefully. Clean the front and 
back bearing races and the center hole. At this time, if 
you desire, you may change the axes of the built in cross 
cylinder in the auxiliary lens dial (20) from 90-180 to 
45-135. If you do not wish to do this, go to step 11. 
Place the cross cylinder in the auxiliary lens dial in a 
lensometer and mark the plus and minus axes. Now lay a 
protractor over the lens so that the 90-180 marks on the 
protractor correspond to those on the lens. Now mark the 
45-135 axes on the auxiliary lens dial (20), not on 
the lens. Once this is done, you may loosen the two 
screws holding the cross cylinder lens in place and rotate 
the marked lens to match the 45-135 marks on the dial. 
NOTE THAT THE MINUS CYLINDER AXIS SHOULD BE GOING UP Alill 
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-TO THE RIGHT when the lens is placed over the eye hole 
in the housing. When cleaning and realignment is com-
pleted, lay the auxiliary lens dial aside. 
11. Remove the large needle thrust bearing underneath the 
auxiliary lens dial (20). Lay it aside. 
12. Clean the entire interior and exterior of the back 
housing (9) using solvent. Give particular attention 
to the eye hole area as there is often lash oil build up 
there. Clean all bearing races and the auxiliary lens 
dial mount (24) using solvent. 
13. Clean all needle thrust bearings and other parts 
thoroughly using lighter fluid. 
14. See figure 7. Turn the phoroptor so that the back 
is up. Reinsert the short screw into the hole near the 
center of the back housing (9) which is toward the midline 
of the instrument. This will tighten the auxiliary lens 
dial mount (2L1) to the back housing ( 9) and make reassembly 
easier. See Figure 8. 
15. Put some combo-lube on the auxiliary lens dial mount 
(24) and bearing race on the back housing (9). Place a 
small amount of combo-lube around the center screw of the 
auxiliary drive gear (23). 
16. See Figure 6. Replace the needle thrust bearing 
which goes under the auxiliary lens dial (20). Lubricate 
the back bearing races of the auxiliary lens dial (20) 
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-with combo-lube. Replace the auxiliary lens dial (20) so 
that the gear on its back side is engaged with the aux-
iliary lens drive gear (23). There are two holes with no 
lenses in the auxiliary lens dial .(20). #1 has lenses on 
either side of it; #2 has a lens on one side of it and 
blank metal on the other side, Place hole number 2 so that 
it is lined up with the eye hole (12) of the back housing 
(9), This should also place the auxiliary lens dial (20) 
in click stop with the auxiliary lens dial index lever 
(22) and spring. This is most important as it will affect 
later reassembly, 
17. Lubricate the bearing race on the front of the 
auxiliary lens dial (20) with combo-lube. Replace the 
cleaned needle thrust bearing which goes in the race, 
18, Lubricate the back bearing race of the sphere dials 
mount (21) with combo-lube. Replace the cleaned sphere 
dials mount (21) on the auxiliary lens dial mount (24). 
If there were any washers between the two, they should be 
replaced also, Replace the two screws in the front of the 
sphere dials mount (21), 
19, Turn the phoroptor so that the back of the back 
housing (9) is up. Reinsert the screw on the opposite 
side of the screw that you put in in step 14, It is 
longer than the screw that was put in in step 14, 
20, Place a small amount of combo-lube on the front 
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-bearing race of the sphere dials mount (21). Put the large 
needle thrust bearjng back in that race, Lubricate the cen-
ter spindle of the sphere dials mount (21) with combo-lube, 
21. Remove the collar clips on the outside of the shafts 
of the Geneva bracket assembly (13). Remove the inner 
and outer shafts of the assembly. Clean and relubricate 
the shafts with combo-lube, Reinsert the shafts. Replace 
the collar clips to hold the shafts in place, Put the 
completed Geneva bracket assembly (13) back in the phor-
optor so that when the auxiliary lens dial (20) has hole 
#2 lined up with the eye hole (12) in the back housing (9) 
(step 16), the small center shaft of the Geneva bracket 
assembly ( 13) has the flat spot at the end of its shaft 
toward the bottom of the refractor. This is very important 
for final assembly. 
22, Lubricate with combo-lube the front and back bearing 
races and the center hole of the strong sphere dial ( 19). 
Replace the strong sphere dial (19) on the sphere dials 
mount (21). See Figure 9, When a lens of the strong 
sphere dial (19) is in line with the eye hole (12) of the 
back housing (9), the Geneva bracket assembly (13) gears 
should appear as in Figure 9. 
23. Replace the cleaned large needle thrust bearing 
which goes inbetween the weak sphere dial (14) and the 
strong sphere dial (19). 
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-24. Lubricate with combo-lube both front and back bear-
ing races and the center hole of the weak sphere lens 
dial (14). Place the weak sphere dial (14) on top of 
the strong sphere dial (19) and needle bearing. 
25. See Figure 5. Replace the cleaned large needle thrust 
bearing in its race on the front of the weak sphere dial 
(14). Lubricate the center bearing portion and the front 
and back bearing races of the strong sphere dials mount 
(18), Replace it on to the hole in the center of the 
weak sphere dial (14) so that the notch on its underside 
matches up with the raised nub on the strong sphere dial 
( 19) • 
26. Replace the cleaned small needle thrust bearing in 
the front of the strong sphere dial mount (18). 
27. Lubricate with combo-lube the bottom of the washer 
which goes on top of the needle thrust bearing in the 
strong sphere dial mount (18). Replace it on top of the 
needle thrust bearing. 
28. Hep lace the two screws which hold the Geneva bracket 
assembly (13) in place, Tighten first the screw requiring 
the .072-6 spline wrench and second the screw requiring 
the 3/32" Allen wrench, 
29. Insert the thrust collar (16) and gently tighten it 
with the spanner wrench. Constantly turn the weak sphere 
dial (14) while tightening the thrust collar (16) to in-
62 
sure that free movement is maintained, If the thrust 
collar (16) is overtightened, the weak sphere lens dial 
(14) will move stiffly, Once the proper tightness is 
obtained, tighten the center set screw in the thrust 
collar (16) using a ,060-6 spline wrench, After tighten-
ing, the weak sphere lens dial (14) should not wobble on 
its mount but should still move freely, 
30, There may be some friction caused by the Geneva 
bracket assembly (13) rubbing occasionally on the weak 
sphere lens dial (14) as the lens dial is rotated. This 
may be eliminated by loosening the screws holding in the 
Geneva bracket assembly (13) using a .072-6 spline wrench 
and a 3/32" Allen wrench, Adjust slightly the position 
of the Geneva bracket assembly (13), Check the free 
action of the weak sphere lens dial (14) by rotating it, 
If it moves without contacting the Geneva bracket assembly 
(13), tighten down the Geneva bracket assembly (13) in its 
new position, Continue adjusting until free motion is 
obtained, 
31, Align the strong sphere power scale (15) with its 
screw holes which are drilled asymmetrically, Reinsert 
the screws which hold the scale. 
32. See Figure 10. Remove the spring from the weak sphere 
dial index lever (17). Replace the weak sphere dial index 
lever (17) without spring into the back housing (9) and 
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tighten the screw. Be careful not to tighten the screw 
too much as this will impair the action of the index 
lever. The screw should be snug. Be sure the nylon 
roller bearing is in the grooved track of the weak sphere 
lens dial (14). Insert the plain end of the spring above 
the weak sphere lens dial index lever (17) screw. Slip 
the index spring into the index lever. Push the hooked 
end of the spring over the nub of its tension screw. 
When this is completed, lay the back housing aside. 
33. See Figure 1. Clean the lenses in the front housing 
(5) using Q-Tips and Windex, Disassembly of the cylinder 
portion of this instrument is not recommended as the 
realignment of the cylinder lenses to achieve the proper 
axis relationships is exceedingly difficult. 
34, Clean the inside of the front housing (5) giving 
special.attention to the eye hole area as it often has 
much lash oil around it. 
35. Replace the front housing (5) on the back housing (9). 
Reinsert the two front housing screws (8) and the back 
housing screw (11). Tighten the screws with a 3/32" 
and a 9/64 11 Allen wrench. 
36. Replace the strong sphere control knob (7) so that 
its set screw is bearing on the flat portion of the large 
outer shaft. Tighten the set screw using a .060-6 spline 
wrench. 
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37. Replace the auxiliary lens control knob (6) so that 
the 0 (for open) is up and the set screw is down and will 
bear on the flat portion of the center shaft, which 
should also be down (see steps 16.and 21). Tighten the 
set screw using a ,060-6 spline wrench. 
38. See Figure 11, Turn the phoroptor so that the back 
is up. With the two screws through the corneal sighting 
assembly cover (10), place the springs and clips back in 
the corneal sighting assembly (10) so that it is complete 
before reattachment, While holding the screws in place, 
put the whole assembly on the back of the back housing (9) 
and tighten the screws using a ,072-6 spline wrench or a 
1/1611 Allen wrench. 
39. See Figure 12. Turn the phoroptor so that the face 
is up. Clean the cross cylinder lens (2) and the prism 
(3). If these are difficult to turn or if the turret 
assembly (4) is difficult to rotate into position, you 
may lubricate the assembly in the points indicated in 
Figure 12 using combo-lube. 
40. See Figure 13. Click stop tension of the auxiliary 
lens dial (20), weak sphere lens dial (14), and cylinder 
lens dial may be adjusted by using a 5/6Lf" Allen wrench 
to turn the appropriate tension screw. The screw for each 
is indicated in Figure 13. 
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-You have now completed the overhaul of one half of 
your refract or. Go bac'k to step 1 and complete the 
other half. 
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-THE AMERICAN OPTICAL Rx MASTER PHOROPTOR 
The problems encountered with the Rx Master Phor-
optor are dirty lenses and sticky dial movement, Occasion-
ally, the weak sphere dial index lever (see Figure 3) 
slips out of its track in the weak sphere dial and causes 
that dial to bind. The prisms and cross cylinders may 
also be difficult to rotate. 
The following items will be needed to overhaul this 
instrument. This is an absolute minimum number of tools, 
Do not use substitutes, 
1, A Regular Slot Screwdriver with ail:" 
Narrow Blade 
2. A Set of Jeweler's Screwdrivers 
3, Combo-lube 
4, Liquid WD-40 
5, Disposable Paper Wipers such as Kimwipes 
6. Q-Tip Swabs and Windex Glass Cleaner 
7. Solvent 
8. Two Syringes with Needles 
9, Blower Bulb (A large ear syringe works well. 
These are available at drug stores,) 
10, A Spanner Wrench, Adjustable 
11, Allen Wrenches, Sizes 1/16", 3/3211 and 
5/64" 
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-12. Nail Set or Center Punch and Hammer 
13. A Fine Set of •rweasers 
In this instrument, it is critical that only small 
amounts of lubricant be used internally. Large amounts 
of lubricants, if used, will run onto the optical sur-
faces. A syringe with needle effectively dispenses small 
quantities of lubricant. 
As there are many small parts in this refractor, the 
recommended procedure for disassembly is to lay all the 
parts out in the order you take them off. This makes 
reassembly much easier. 
In specifying the sides of the refractor, the right 
side of the refractor is the side before the patient's 
right eye, The converse is true for the left side of 
the refractor. The front or face of the refractor is the 
side where the lens powers are read, 
A special spanner wrench i.s required for this in-
strument. It is smaller than the ones that are generally 
available through tool houses. The model that is most 
satisfactory is available from National Camera, 2000 
West Union Avenue, Englewood, Colorado, 80110, The 
specifications are: 
W-6600 Spanner Wrench 
T-3790 Straight Blade End 
T-3785 Straight Pencil Point 
68 
------
Both T-3790 and T-3785 are required for your spanner 
wrench. 
Please study the diagrams that follow this section. 
It is important to familiarize yourself with the names 
of the respective parts of the refractor before you begin. 
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-THE AJv1ERICAN OPTICAL Rx MA.STER PHOROPTOR 
FIGURE EXPLANA'rioN 
7 
Figure 1: External Labeled View of the Rx Master Phor-
optor Face 
1. PD Control Knob 
2. Vergence Lever 
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3, Strong Sphere Control Knob 
4. Prism 
5. Cross Cylinder 
6. Auxiliary Lens Dial Handle 
7. Front Housing 
8. Turret Assembly 
9. Front Housing Screws 
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14 
Figure 2: External Labeled View of the Rx Master Phor-
optor Back 
10. Pin 
11 • Main Support Cover 
12. Main Support Cover Screw 
13. Forehead Rest 
14. Back 'Housing Screw 
15. Eye Hole 
16. Geneva Bracket Assembly Mount Screw 
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20 
19 i, 
Figure 3: Back Housing Interior View of the Weak, Sphere 
Dial, Left Side 
17. Geneva Bracket Assembly 
18. Weak Sphere Dial 
19. Strong Sphere Power Scale 
20. Sphere Dials Axle 
21. Weak Sphere Dial Index Lever 
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-Figure 4: Back Housing Interior View of the Auxiliary 
Lens Dial, Left Side 
22. Auxiliary Lens Dial 
23. Housing Slot 
24. Auxiliary Lens Dial Index Lever 
25. Geneva Bracket Assembly M:ount 
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F'igure 5: Weak and Strong Sphere Dials Assembly 
26. Weak Sphere Thrust Spring 
27. Weak Sphere Thrust Ring 
28. Strong Sphere Dial 
18. Weak Sphere Dial 
Figure 6: Auxiliary Lens Dial Detail 
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Figure 7: Weak Sphere Dial Index Lever Detail 
Figure 8: Detail of the Geneva Bracket Assembly Shaft 
Collar 
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-Figure 9: Turret Assembly Detail 
~I ,::1 1·==1 •• ,=6. ~ 
I 1 1. 
auxiliary lens dial (22) 
weak sphere dial (18) 
cylinder lens dlals 
Figure 10: Rx Master Phoroptor, Right Side, Bottom View 
Figure 11: PD Screw Assembly Detail 
29, PD Screw Assembly 
30, PD Nuts 
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-Figure 12: Rx Master Phoroptor Yoke, Back View 
31. Bars of the Housing 
32. Refractor Nubs 
33, Retainer for the Forehead Rest Pin 
Figure 13: Detail of the Retainer for the Forehead Rest 
Pin 
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THE AV.<ERICAN OPTICAL Rx MASTER PHOROPTOR 
OVERHUAL INSTRUCTIONS 
1. See Figure 1. Remove the strong sphere control knob 
(3) using a 1/1611 Allen wrench, 
2, Remove the front housing screws (9) and the back 
housing screw (14), See Figure 2, 
3. Move the vergence lever (2) to a point midway between 
the far and near settings. 
4, Remove the front housing (7) and lay it aside. 
5, See Figure 3, Remove the weak sphere dial index 
lever (21) and spring by removing its screw, 
6. Remove the three screws in the strong sphere power 
scale (19). Remove the strong sphere power scale (19) 
and lay it aside. 
7. Remove the sphere dials axle (20) in the center of the 
sphere dials using a spanner wrench. Remove the two 
washers underneath the sphere dials axle (20). 
8. Loosen the two screws holding the Geneva bracket 
assembly ( 17) using a 3/32" Allen wrench, 
9. The weak sphere dial (18) and strong sphere dial (28) 
may now be removed as a unit by lifting straight up on 
the weak sphere dial (18). Lay them aside, 
10, Remove with tweasers the ball bearing spacer found 
underneath the sphere dials assembly (18), (28). Remove 
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the ball bearings with a tweaser and place them in a 
separate container, 
11, Remove the Geneva bracket assembly ( 17) screws. Re-
move the Geneva bracket aseembly.(17) and lay it aside. 
12. See Figure 4. Remove the auxiliary lens dial (22) 
gently removing its handle from the slot (23) in the back 
of the refractor. Check if there are any washers under-
neath the auxiliary lens dial (22). 
13. Remove the ball bearing spacer underneath the aux-
iliary lens dial (22) with tweasers. Remove the ball 
bearings and place them in a separate container from those 
removed in step 10. 
1lf, Clean thoroughly with solvent all parts except the 
sphere dials assembly (18), (28). Be careful when clean-
ing the ball bearing spacers as they may tear. 
15, Replace the bearing spacer which goes under the 
auxiliary lens dial (22). Place the cleaned ball bearings 
back in the holes of the spacer. There is no lubricant 
to be used on any ball bearings of this instrument. All 
ball bearings are to be put in dry. 
16, Lubricate with combo-lube the raised tip of the back 
housing on which the auxiliary lens dial (22) rides. Re-
place any washers which were under the auxiliary lens 
dial (22). 
17. Lubricate the center hole of the auxiliary lens 
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-dial (22) using combo-lube. Insert the handle of the aux-
iliary lens dial (22) into its slot (23) in the back 
housing, While pulling down on the auxiliary lens dial 
index lever (24), gently slip the -auxiliary lens dial (22) 
back in place so as not to dislodge any ball bearings. 
When the auxiliary lens dial (22) is in place, release 
the auxiliary lens dial index lever (24) and replace the 
sphere dials axle (20) to hold temporarily in place the 
auxiliary lens dial (22) while other operations are being 
done. 
18. See Figure 2. Standing the phoroptor so that it is 
vertical, loosen the screw (16) on the back housing which 
holds in the Geneva bracket assembly mount (25). Be care-
ful not to turn the refractor over so that the back is up 
or all the ball bearings will fall out, 
19, Turn the phoroptor so that the face is up. Place a 
drop of combo-lube on the Geneva bracket assembly mount 
(25). Remove the center shaft from the Geneva bracket 
assembly (17). Clean the shaft and bracket. Relubricate 
the shaft and bracket ball bearings with combo-lube and 
reassemble the shaft. You should note that your refractor 
may not have ball bearings in the bracket. Place the 
Geneva bracket assembly (17) on its mount (25) in the back 
housing. Replace the two Allen screws that hold the 
assembly in but do not tighten them. Lay the back housing 
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-and assemblies aside. 
20. See Figure 5. Remove the three screws holding in the 
weak sphere thrust spring (26) in the center of the sphere 
dials (18), (28) assembly. 
21. Remove the weak sphere thrust ring (27), Remove 
with tweasers the bearing spacer underneath the weak sphere 
thrust ring (27). Remove the ball bearings and place them 
in a separate container from those removed previously. 
22. Remove the weak sphere dial (18) by lifting it 
straight up. Lay it aside, Remove the bearing spacer 
and the ball bearings underneath the weak sphere dial 
(18) with a pair of tweasers. Place the ball bearings 
in a separate container from those previously removed. 
23. Clean thoroughly both the weak sphere dial (18) and 
the strong sphere dial (28) of all grease and finger oils. 
Clean all the lenses. 
24. Replace the bearing spacer that goes underneath the 
weak sphere dial (18), Replace the cleaned ball bearings 
back in their places using no lubricants. 
25, Lubricate with combo-lube the center hole of the 
weak sphere dial (18). Replace the weak sphere dial (18) 
on top of the strong sphere dial (28). 
26. Replace the bearing spacer in the center of the weak 
sphere dial (18). Replace the cleaned ball bearings in 
their places using no lubricants. 
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-27, Replace the weak sphere thrust ring (27). Replace 
the weak sphere thrust spring (26) and secure it with its 
three screws. Lubricate with combo-lube the center hole 
of the sphere dials assembly ( 18)., (28). Lay the assembly 
aside. 
28. See Figure 6. Set the auxiliary lens dial (22) handle 
and the Geneva bracket assembly (17) so that their posi-
tions correspond to Figure 6. Replace the bearing spacer 
which goes underneath the sphere dials assembly (18), (28). 
Replace the respective ball bearings back in their places 
without using lubricants, 
29, Set the weak and strong sphere dials (18), (28) so 
that the holes with no lenses are lined up on top of one 
another, While holding the auxiliary lens dial (22) 
handle with one hand, remove the sphere dials axle (20) 
and place the sphere dials assembly (18), (28) back in 
the back housing, being careful to line up the holes 
with no lenses with the hole (15) in the back housing. 
Care should be exercised to not dislodge any ball bear-
ings, When the sphere dials assembly (18), (28) has been 
replaced and centered, replace the washers in the center 
of the sphere dials assembly (18), (28). Replace the 
sphere dials axle (20). Tighten the sphere dials axle 
(20) with a spanner wrench. After tightening the sphere 
dials axle (20), check the free action of all dials, If 
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a dial is stiff, there is most likely a dislodged ball 
bearing. 
30, Tighten the two screws holding the Geneva bracket 
assembly ( 17) using a 3/32" Allen. wrench. Even with the 
screws tightened, the assembly may be tilted at various 
angles since the bottom mount (25) has not been tightened 
down. Adjust the tilt so that the center shaft of the 
Geneva bracket assembly ( 17) is at right angles to the 
sphere dials assembly (18), (28). See Figure 2. When 
this alignment is complete, turn the phoroptor so that 
the back is up and tighten the Geneva bracket mount screw 
(16). 
31. Turn the phoroptor so that the face is up. Check 
the action of the Geneva bracket assembly (17) when the 
weak sphere dial ( 18) is rotated. If the strong sphere 
lenses do not rotate readily and easily, some adjustment 
must be made in the tilt of the Geneva bracket assembly 
(17) relative to the sphere dials assembly (18), (28). 
32, See Figure 7. Replace the weak sphere index lever 
(21) without its spring. Tighten the screw gently as 
an overtight screw will cause the lever to bind. The 
nylon bearing of the lever should be in the track of the 
weak sphere dial (18). Replace the straight end of the 
spring into the weak sphere index lever (21) and place 
the hooked end over the nub of the tension screw beneath 
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-the lever. 
33. Replace the strong sphere dial power scale (19) on 
the weak sphere dial (18). Align the holes and replace 
the three screws in the power scale (19). Note that 
the screw holes are drilled asymmetrically. 
34. Clean the inner portions of the front housing (7). 
Do not attempt to disassemble the cylinder portion of 
this instrument. Proper cylinder alignment is very diffi-
cult to achieve once the instrument is taken apart. If 
desired, a small amount of liquid WD-40 may be placed 
around the center screw which holds the cylinder 
assemblies. This will ease their operation if they have 
been stiff. Clean all cylinder lenses using Q-Tips and 
Wind ex. 
35. See Figure 8. Replace the front housing (7) on the 
back housing. Replace the front (9) and back (14) housing 
screws. Turn the phoroptor so that the face is up. Loosen 
the collar which fits around the shaft of the Geneva 
bracket assembly (17). Rotate the weak sphere dial (18) 
several times so that the strong sphere dial (28) will 
change several times and thus cause the collar to center 
itself around the shaft of the Geneva bracket assembly 
(17). Retighten the three collar screws. You should 
note that in newer Rx Masters, this collar is not used. 
Replace the strong sphere control knob (3). Do not put 
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-the knob (3) too far down the shaft or it will bind with 
the front housing. After it has been tightened using a 
1/16 11 Allen wre11ch, the strong sphere dial (28) should 
be easy to change if alignments have been done properly. 
If it is stiff, begin at step 29 and readjust the Geneva 
bracket assembly (17). 
36. See Figure 1. Clean the Risley prism (4) and cross 
cylinder (5) assemblies. If the assemblies are stiff to 
turn, some combo-lube may be placed around their mounts. 
Turn the prism (4) or cross cylinder (5) in its mount 
to work in the lubricant. If the entire turret assembly 
(8) is difficult to move, some combo-lube may be placed 
in the position indicated in Figure 9, Rotate the turret 
to work in the lubricant, 
37. See Figure 10, The tension of the cylinder, weak 
lens dial (18) and auxiliary lens dial (22) may be adjusted 
using the proper tension screw and a 5/64" Allen wrench. 
The proper screws are indicated in Figure 10, 
The overhaul of half of your refractor is now complete. 
Start at step 1 to complete the opposite side, 
Sometimes the right and left portions of the refractor 
become loose and will wobble backward and forward. If 
this is true of your refractor, it may be repaired by 
86 
--------
completing the following steps. 
1. Remove the forehead rest (13) by tapping out the pin 
(10) at the top of the shaft with a small nail set or 
center punch and hammer. Remove the forehead rest (13) 
by slipping it down and out. 
2. Remove the screws holding on the PD control knobs 
(1) on the right and left using a 1/1611 Allen wrench. 
Note carefully if there are any washers underneath the 
knobs. The set screws in the PD knobs may be positioned 
one on top of the other in the threaded screw hole, 
3. Remove the two set screws holding on the main support 
cover (11). Remove the main support cover (11) and lay 
it aside. 
4. Remove the PD screw assembly (29). See Figure 11. 
5. With the phoroptor facing up, you will see two bars 
(31) running across the top of the main support. See 
Figure 12. Each bar is held in by five Allen screws. 
These bars are moveable up and down and they provide the 
tension necessary to keep the right and left refractor 
halves from wobbling. If they have slipped up or if any 
of the ball bearings have fallen out of their tracks, the 
refractor halves will wobble, Loosen the Allen screws on 
the bar (31) using the 3/3211 Allen wrench. If any ball 
bearings are missing, replace them, They are usually 
available from bicycle shops, While pressing down firmly 
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on the bar (31) with one hand, tighten the Allen screws 
on the bar (31) using a 3/32" Allen wrench. Check the 
refractor on that side for wobble. Repeat the process 
for the other side. 
6. If desired, combo-lube may be placed on the tracks 
of the ball bearings to ease their workings. 
7. Screw the PD nuts (30) to the ends of their threads, 
See Figure 11. Move each half of the refractor as far 
away from the midline as they will go, Replace the PD 
screw assembly (29) on top of the main support. Make 
sure that the nubs (32) which come up from each refractor 
half interdigitate with the nuts (30) on the PD screw 
assembly (29). 
8, Replace the main support cover (11). Replace the main 
support cover screws (12), 
9. Replace the PD control knobs (1) and any washers that 
were underneath them. Tighten the screws in the PD con-
trol knobs using a 1/16 11 Allen wrench. Rotate the knobs 
to check the movement of the PD mechanism. 
10, Replace the forehead rest (13) by first slipping 
the pins at the bottom of the rest into their slot in the 
retainer for the forehead rest pin (33). .See Figure 13. 
Tap gently the pin (10) at the top of the shaft using 
a small nail set or center punch to seat it. 
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